estimates for household air pollution. 3, 4 Evidence of the association of air pollution with diabetes or HbA1c is growing but comes mainly from studies in higher income countries that evaluated ambient air pollution. 5, 6 Only one previous study evaluated household air pollution and diabetes, reporting an increased odds of prevalent diabetes (odds ratio [OR], 2.48; 95% CI, 1.59-3.86) in self-reported solid fuel users compared to non-users in China. 7 This study did not measure exposure directly but evaluated the self-reported use of solid fuels (yes/no) as a proxy for exposure to household air pollution.
We performed a cross-sectional study evaluating associations of exposure to household air pollution (stove type and quantitative kitchen and personal pollution concentrations) with glycated hemoglobin (HbA1c; an indicator of average plasma glucose concentration over the past 3 months used to diagnose diabetes 8 ) and with the prevalence of prediabetes/diabetes in households in rural Honduras using traditional and cleaner-burning Justa stove models. We additionally evaluated interaction by age. To our knowledge this is the first study to examine the association of household air pollution with this indicator of blood sugar incorporating quantitative air pollution measurements.
| DATA AND ME THODS

| Study population
We obtained exposure and health measurements from 150 women in 11 rural communities near La Esperanza in western
Honduras between February and April 2015. The study participants represented a convenience sample selected from a pool of more than 500 households that had been screened in a household survey 3 months earlier. Eligible participants had to be the primary cook in their household, between 25 and 56 years of age, non-smokers, not pregnant, and using either a traditional cookstove or a Justa cookstove as their primary stove. If they had a Justa cookstove they had to have owned it for at least 4 months prior to study enrollment. Traditional stoves were self-built stoves
with a large open combustion chamber, either elevated or on the ground ( Figure 1 ). Justa stoves had been installed according to fixed guidelines with an elevated, insulated combustion chamber, a chimney, a griddle, and a soot collector that allows for removal of excess ash from the chimney. Eight women were excluded due to missing HbA1c data. The study protocol was approved by the
Practical Implications
We report evidence supporting an association between exposure to household air pollution and prevalent prediabetic/diabetic status that is consistent with growing evidence for an association from ambient air pollution studies. were worn by the woman attached to a bag strap to measure the air near her breathing zone.
The pumps were pre-calibrated to 1.5 L/min and post-checked using a DryCal Dc-Lite primary flow meter (Bios International
Corporation, Butler NJ, USA) to ensure that the flow rate did not deviate by more than 10%. Quantitative pollution measurements were missing in 41 houses (n = 12 traditional stoves and n = 29 Justa stoves). For PM 2.5 concentrations, a 24 hour time-weighted average was calculated by dividing the filter mass (post-sampling filter weight minus pre-sampling filter weight) after blank correction by the sampled volume (average volumetric flow rate times sample duration).
The limit of detection (LOD, 54 μg) was calculated by adding the mean mass of the measurement blanks (29 μg; n = 7) to a value representing 3 times the standard deviation of the measurement blanks (8 μg). 9 Concentrations below the limit of detection (ambient: n = 7;
personal: n = 4) were substituted by LOD/(square root of 2). As an additional indicator of exposure to household air pollution we evaluated a dichotomous stove type variable (traditional vs Justa stoves).
| Health endpoints
Participants were not required to fast for the health measure- 
| Additional information
We Caffeine intake on the same day prior to the health measurements (yes/no) and the number of years the woman had been cooking were assessed by questionnaire. Elevation of the house was measured using the cell phone app maps.me (My.com B.V. version
6.5.3). Mean kitchen temperature was assessed with the EL-USB-2
Data Logger (Lascar Electronics, Erie, PA).
| Data analysis
Data were analyzed using Stata 13. 16 ) and logistic regression models were used to estimate prevalence ratios (PRs) and odds ra- For HbA1c, additive interaction was assessed in linear regression models by including terms multiplying log-transformed pollution or stove type and a dichotomous age variable (using the median value of 40 years). In Poisson and logistic regression models, multiplicative interaction was assessed using terms created by multiplying the pollution or stove type variable of interest with age.
In sensitivity analyses, we evaluated additional potential con- by evaluating if there were any meaningful changes in the effect estimates of interest. We also evaluated additional potential confounders by adding elevation, mean kitchen temperature, recent caffeine intake, and the number of years the woman had been cooking. In additional sensitivity analyses we added back the participant with an unusual HbA1c value, removed 1 participant who had a self-reported diabetes diagnosis, removed participants who reported occasional exposure to secondhand smoke (n = 5), removed participants with a BMI<18.5 (n = 5), and included a term for community (to account for potential non-independence of responses within community). We also removed participants whose PM 2.5 pump flow had decreased by more than 10% during the 24-hour measurement (kitchen: n = 3, personal: n = 5).
| RE SULTS
Our study population consisted of 142 women with a mean age of 37.5 years (standard deviation [SD], 9.0; range, 25-56 years). There were no meaningful differences in age, BMI, socioeconomic status, dietary diversity score, or self-reported physical activity between traditional and Justa stove users (Table 1 ). All 4 air pollution measurements (kitchen and personal PM 2.5 and black carbon) were on average higher for participants with traditional stoves than those with Justa stoves (Table 2 ). Kitchen and personal PM 2.5 concentrations were on average 62% and 48% lower, respectively, in Justa stove users than in traditional stove users; results for black carbon were similar. However, there was substantial overlap between groups ( Figure 2 ; Table 2 ). Air pollution measurements were highly correlated (between and within kitchen and personal measurements;
Spearman correlation coefficients ranged from 0.67 to 0.89).
| Prediabetes/diabetes
Nearly a third (n = 46; 32%) of participants were prediabetic (n = 43; (Table 3) . Kitchen PM 2.5 and kitchen and personal black carbon had similar results (Table 3; crude and adjusted results in Table S1 ). Results by stove type were not consistent. Crude and adjusted ORs from logistic regression were in the same direction as and stronger than the PRs (Table S2) . We observed limited evidence of synergistic multiplicative interaction between age and both kitchen and personal black carbon using Poisson regression; the effects of kitchen black carbon on prediabetes/diabetes was stronger among women ≥40 years of age compared to women <40 years (P for multiplicative interaction = .50; Table S3 ). Interaction results from logistic regression are given in Table S4 .
| HbA1c
Average HbA1c levels in the study population were 5.50% (SD, 0.40; range, 4.1-6.5%; n = 141) ( Table S5 ). Results for stove type were consistent with a null association ( Table 4 ). The effect of personal black carbon on
HbA1c levels was greater among women ≥40 years of age compared to women <40 years (P for additive interaction = .05; Table S6 ). Similar results were observed for kitchen black carbon (P for additive interaction = .29, Table S6 ).
| Sensitivity analysis
When evaluating the robustness of our results in sensitivity analyses we did not observe any meaningful impact on the results for any of the sensitivity analyses described (results not presented). 
| D ISCUSS I ON
In the present cross-sectional study among 142 women in Honduras, we observed a higher prevalence of prediabetes/diabetes in women with higher exposure to household air pollution and suggestive evidence of a stronger effect in women ≥40 years of age. Considering
HbA1c on a continuous scale, results were consistent with a null association, but estimates were generally in the hypothesized direction and consistent with results for prevalent diabetic status.
Although we observed lower average levels of all air pollution . 20 Other studies evaluating PM 10 in ambient air have also reported a positive association between air pollution and diabetes. [21] [22] [23] We use PRs from Poisson regression and
ORs from logistic regression to report our results on prediabetes/diabetes prevalence as both methods have been used when analyzing and interpreting binary outcomes from cross-sectional data. The PR is a conservative measure and may be easier to interpret, while the TA B L E 2 24-h mean air pollution data for the total population and by stove type among Honduran women using traditional and Justa stoves OR may overestimate associations, particularly when the outcome is not rare, but has been more widely used in previous studies, and therefore, allows for greater comparability.
24,25
The only previous study evaluating household air pollution and diabetes utilized self-reported use of solid fuels and diabetes prevalence in China. 7 The authors reported an increased odds of prevalent diabetes in solid fuel users compared to non-users (OR, 2.48; 95% CI, 1.59-3.86), a result that is consistent with our findings for directly measured pollution levels (OR per IQR increase in kitchen PM 2.5 , 1.83; 95% CI, 1.11-3.02); our results for stove type were not consistent with these results. However, our stove type categories may have less contrast as we did not include users of other fuels but distinguished between biomass users using different stove models.
Our analyses provided suggestive evidence that the effects of some household pollutants on diabetes are stronger among women ≥40 years of age compared to women <40 years. These observations support the findings of the previously mentioned Chinese study that reported evidence of interaction between age and solid fuel use for prevalent diabetes. 7 Supportive evidence that older women may experience stronger associations with household air pollution on cardiometabolic endpoints has also been observed with blood pressure.
26-28
Evaluating diabetes is of particular interest in this setting as the International Diabetes Federation estimates that by 2040 the number of people with diabetes will increase by 65% in South and
Central America. 29 Nearly 30% of our study population was considered prediabetic, but only 3 participants (2.1%) were in the diabetic range based on HbA1c levels. The prevalence of diabetes in our study population was low compared to the 7.9% reported in the average Honduran female adult population (20- In addition to the potentially limited sample size, the following factors should be considered when interpreting our results. Selection bias may have occurred when recruiting the convenience sample; however, it is unlikely that selection/participation was influenced by both exposure and disease status. Given the cross-sectional design, we were not able to establish temporality between exposure and the health effects examined; however, stove use in these populations is typically stable over time, and by design the Justa users had owned the stove for at least 4 months, with a mean of 24 months (range, 4-120 months). Only 3 out of 46 participants (6.5%) that we classified as prediabetic/diabetic were diabetic (the rest were prediabetic), potentially limiting the This study also had several strengths. All exposure and health metrics were directly measured without relying on proxies or selfreport. Additionally, the use of HbA1c rather than blood glucose is a strength as HbA1c is a measure of blood sugar of the past 3 months and is, therefore, not influenced by short-term dietary intake. 43 Furthermore, this is one of the first studies to evaluate these important health endpoints in relation to household air pollution.
| CON CLUS IONS
We observed evidence supporting an association between household air pollution and prevalent diabetic status and limited evidence that these associations were stronger among older women. These 
